

















To	 achieve	 background	 limited	 performance	 infrared	
(IR)	detectors	require	cooling	for	their	operation.	The	amount	
of	 cooling	 necessary	 for	 operation	 depends	 on	 detector	
material	 used,	 operating	 spectral	 band	 and	 size	 of	 detector	
array.	 Highly	 reliable	 passive	 radiation	 cooling	 is	 generally	
preferred	 for	 cooling	 IR	 detectors	 in	 space	 based	 imaging	
applications.	First	generation	IR	imaging	systems	like	Indian	
Space	 Research	 Organisation	 (ISRO)’s	 very	 high	 resolution	







a	 backside	 illuminated	 two-dimensional	 photodiode	 array	
is	 hybridised	 to	 a	 high	 performance	 read	 out	 integrated	
circuit	 (ROIC),	 known	 as	 focal	 plane	 array	 (FPA)1.	 Due	 to	
high	power	dissipating	ROIC	and	 large	number	of	 electrical	
interconnections,	it	is	impractical	to	cool	such	FPAs	operating	
in	 long	wave	 infrared	 (LWIR)	 band	with	 passive	means.	To	
characterise	 such	 large	 array	 LWIR	 FPAs	 and	 cool	 them	 to	
desired	 cryogenic	 temperature,	 an	 integrated	 detector	 cooler	
assembly	 (IDCA)	 is	 essential	whereby	 the	FPA	sits	over	 the	
cold	 tip	 of	 an	 active	 micro-cooler	 and	 the	 detector	 cooler	
assembly	is	vacuum	sealed	in	a	thermally	isolated	Dewar.





field	 of	 view,	 impinges	 on	 the	 detector	 retina	 and	 generates	
a	 large	 background	 pedestal.	Actual	 signal	 charge	 generated	
due	 to	 radiation	 from	 the	 target	 under	 study	 rides	 over	 this	
background	pedestal	and	it	 is	difficult	 to	segregate	the	target	
signal	from	the	background	signal.	To	optimise	the	performance	
of	 imager	 it	 becomes	 imperative	 to	 estimate	 these	 parasitic	
fluxes	 and	 take	 corrective	 actions	 to	 minimise	 their	 effects.	
This	paper	explains	an	analytical	model	developed	to	estimate	
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2.  INFrareD Imager Flux moDel
An	infrared	imager	consists	of	focusing	optics	and	infrared	
detector.	 Focusing	 optics	 is	 a	 multi	 element	 lens	 assembly	
which	collects	and	 focuses	 the	 incident	 radiation	 from	scene	
on	 the	 detector.	 Design	 and	 selection	 of	 focusing	 optics	 is	
generally	 based	 on	 detector	 parameters	 like	 detector	 format	
and	pixel	size,	resolution	required	and	imaging	platform	height	
from	 the	 target.	 Infrared	detector	 is	an	 IDCA	which	consists	
of	a	focal	plane	array	mounted	on	the	cold	finger	of	an	active	
micro-cooler.	 Cross	 sectional	 view	 of	 an	 IDCA	 is	 shown	 in	
Fig.	1.	It	consists	of	following	components:
2.1 Focal Plane array
The	FPA	consists	of	2-D	array	of	photodiodes	hybridised	
to	 a	Si	ROIC.	Mercury	Cadmium	Telluride	 (HgCdTe)	 is	 the	
pick	of	materials	for	infrared	detectors	due	to	its	excellent	band	








A	 band-limiting	 optical	 filter	 is	 placed	 over	 the	 FPA	
to	 obtain	 detector	 response	 in	 the	 desired	 spectral	 band.	A	
spectrometer	uses	an	order	sorting	filter	for	suppressing	signal	
from	all	orders	other	than	the	desired	narrow	band	whereas	a	
multi-spectral	 imager	uses	a	 strip	filter	 to	obtain	 response	 in	
multiple	wide	spectral	bands.	This	filter	is	generally	attached	
to	 cooler	 cold	finger	 inside	 the	Dewar	 to	minimise	 parasitic	
emissions.
2.3 cold Shield







2.4 Dewar and Vacuum control
The	 detector	 works	 in	 a	 temperature	 range	 of	 50	 K	
-70	 K.	 To	 ensure	 this	 FPA	 temperature	 the	 detector	 chip	 is	
encapsulated	in	a	vacuum	sealed	Dewar,	thereby	avoiding	any	
gas	or	water	vapour	to	condense	onto	the	FPA	and	the	infrared	
optical	 filters,	 which	would	 change	 its	 thermal	 performance	
and	 eventually	 blind	 the	 detector.	Vacuum	 inside	 the	Dewar	
has	to	be	ensured	for	the	specified	detector	life	time,	but	it	is	
continuously	degraded	by	the	outgassing	from	the	component	









Due	 to	 high	 thermally	 generated	 dark	 current,	 Infrared	
detectors	 require	 cryogenic	 cooling	 for	 their	operation.	Both	
passive	 and	 active	 approaches	 are	 available	 to	 cool	 such	
detectors,	 however,	 the	 choice	 of	 cooler	 depends	 on	 total	
thermal	 mass	 to	 be	 cooled.	 Large	 array	 detectors	 coupled	
with	 power	 dissipating	ROICs	 increases	 thermal	 load	which	
in	turn	increases	detector	cooling	requirements.	Such	cooling	
requirements	cannot	be	 fulfilled	with	a	passive	cooler	and	 it	
requires	 development	 of	 active	 cooling	 technology	whereby	
mechanical	 coolers	 are	 used	 to	 cool	 IRFPAs.	Active	 coolers	




Due	 to	 temperatures	 above	 absolute	 zero	 (0	 K)	 all	 the	
components	 of	 an	 IR	 imager	 emit	 thermal	 radiations	 which	








Flux	 from	 the	 scene	 is	 the	 actual	 intended	 flux	 due	 to	
scene	 temperature	 reaching	 the	 sensor	 array	 through	 the	
optical	system.	Parasitic	flux	from	the	imager	components	 is	
the	unwanted	flux	reaching	the	sensor	due	to	thermal	emissions	
from	warm	parts	of	the	focusing	optics	and	Dewar.	This	flux	Figure 1. Infrared imager flux model.
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out	 of	 field	 region	 and	 falling	 on	 detector	 after	 multiple	
reflections	from	internal	parts	of	the	Dewar.	This	flux	depends	
on	system	configuration.
Parasitic	 flux	 from	 Dewar	 consists	 of	 following	 major	
components:
(i)	 Emissions	 from	 vacuum	 window	 which	 is	 at	 ambient	
temperature,	falling	directly	in	detector’s	field	of	view
(ii)	 Emissions	 from	 Dewar	 walls	 operating	 at	 ambient	
temperature,	falling	on	detector	after	multiple	reflections	
from	window,	cold	shield	and	filter
(iii)	 Emissions	 from	cold	 shield	 and	filter	 falling	directly	 in	
detector’s	field	of	view.
3. ParaSItIc Flux aNalytIcal eStImatIoN
As	per	Planck’s	Radiation	Law4,	spectral	radiant	emittance	
of	 an	 emitting	 surface	 is	 the	 function	 of	 its	 temperature,	
wavelength	and	spectral	emissivity.	It	is	given	by	Eqn.	(1),
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thermal	 emissions	 from	different	 components	 of	 the	 imager	
like	 focusing	 optics,	 IDCA	 vacuum	 window,	 Dewar	 walls,	
cold	shield	and	filter	etc.	can	be	estimated.	Since	the	emissions	
from	Dewar	walls	do	not	fall	directly	into	detector’s	field	of	
view,	 only	 the	 flux	 reaching	 after	 reflection	 from	 vacuum	
window	 shall	 be	 considered	 and	 hence	 window	 reflectivity	





temperatures.	 Parameters	 considered	 for	 estimation	 of	 dark	
signal	are	given	in2	Table	1.
Figure 2. cold shield FoV.
Cold	shield	field	of	view	is	computed	as	given	in	Eqn.	(3)	
and	Eqn.	(4).
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Thus	 the	 total	 flux	 falling	 on	 a	 detector	 pixel	 from	 an	
emitting	surface	is	obtained	by	substituting	Eqn.	(4)	in	Eqn.	(2).
Flux	on	detector	pixel	due	to	emitting	surface,















Validation	 of	 developed	 analytical	 model,	 Eqn.	 (5),	
for	 estimation	 of	 parasitic	 flux	 reaching	 the	 focal	 plane	 of	
an	 infrared	 imager	 is	 carried	out	 by	 simulations	 in	ZEMAX	
optical	design	software	using	ray	trace	method.
ZEMAX	 operates	 in	 two	 different	 modes5,	 sequential	
and	 non-sequential	 modes.	 Most	 imaging	 systems	 are	 well	














For	 simulations,	 a	 model	 of	 complete	 imager	 with	
focusing	 lens	 and	 IDCA	 was	 created	 in	 ZEMAX.	 A	 multi	
element	 focusing	 lens	was	designed	using	 available	detector	
parameters,	given	in	Table	2.













is	 computed	 by	 adding	 the	 contributions	 due	 to	 individual	
components.	 A	 comparison	 of	 total	 flux	 computed	 by	 both	
methods,	analytical	and	simulations,	is	carried	out	and	shown	
in	 Fig.	 7.	 It	 is	 observed	 that	 ZEMAX	 simulation	 results	
are	 closely	 matching	 (within	 5	 per	 cent)	 with	 MATLAB	
calculations.	Hence,	the	derived	analytical	model	for	parasitic	
flux	estimation	of	an	infrared	imager	in	Eqn.	(5)	is	validated.	
Simulations	 and	 computed	 results	 show	 that	 thermal	
emissions	 from	 focusing	 optics	 and	 IDCA	 window,	 both	
operating	at	ambient	temperature,	are	the	major	parasitic	flux	
contributors.	Further,	the	flux	contribution	from	cold	shield	and	
filter	 is	negligible	because	both	of	 them	are	attached	 to	cold	
Figure 7.  Comparison of total parasitic flux by MATLAB and 
Zemax simulations.
Figure 6.  Flux simulations in Zemax
Figure 5. Parasitic flux simulations in ZEMAX (2D view).
Figure 4. LWIR imager designed in ZEMAX (3D model).














in	ZEMAX	 is	 as	 shown	 in	Fig.	 5	 and	 simulated	flux	due	 to	
individual	components	is	as	shown	in	Fig.	6.
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An	 infrared	 imager	 is	 very	 susceptible	 to	 thermal	
emissions	from	its	components.	Background	signal	generated	
due	 to	 parasitic	 fluxes	 not	 only	 reduces	 detector	 dynamic	
range	 but	 also	 reduces	 its	 sensitivity	 to	 small	 signals	 from	
low	temperature	targets.	In	this	paper,	a	mathematical	model	
is	arrived	at	 to	compute	parasitic	flux	generated	by	different	
components	 of	 an	 LWIR	 imager.	 Calculation	 of	 incident	
parasitic	flux	due	 to	 imager	components	consisting	of	optics	
and	 IDCA	 components	 at	 different	 temperatures	 is	 carried	
out.	 Validation	 of	 the	 developed	 model	 is	 carried	 out	 by	
simulating	 the	 imager	 in	 ZEMAX	 optical	 design	 software.	
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